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S METHODS AND COMPOSITIONS FOR THE DRY VOWDISR 

FORMUIAHON OF INTERFERONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

10 This is a continuation-iii-part of co-pesndiog U.S. Patent Application 08/246,034, 

filed May 18, 1994. 

BACKGROUND OF THE INVENTION 

1 . Fidd of the Invention 

15 The presrat invention relates gmeraily to methods and compositions for die dry 

powder formulation of cytolcines, especially intnferons. More particularly, the preset 
invention relates to the spray drying of interferons GFNs) to produce dry powder 
formulations of high potency. 

2. Description of the Background Art 

20 Interferons are ^tokinesusefiil in tiie treatment of a variety of human diseases 

ranging from cancer to immune system enhancmmt. Interferons are commonly formulated 
as isotonic aqueous solutions for paroiteral administration. Rec^y, clinicians have sought 
alternative routes of administration for interferons more suitable to lo^g tenn use by 
patients. Particulariy, aerosol formulations of intofrarons have been produced for 

25 pulmonary ddiveiy as described in WO 91/16038. The formulation is dispersed 1^ 

volatilization of a liquid propdloit. The patent teaches adding a surfectant or tiie like td 
inqnove tbe dispersibility of a human interferon from a fieon ddivery Systran. 

Methods and compositions for die prq>aration of solid polypq)tide miaroparticles as 
a pharmaceutical aoosol formulation are disd(»ed m WO 91/16038 wherdn IFN-beta was 

30 prqiared in dry powder form by lyophilimg an aqueous solution of IFN and jet milling 
following lyophilization. Tbe purification of protdns of molecular weight in excess of 
12,000, nicluding human IFN is disclosed in U.S. Patoit No.: 4,503,035. Low pH 
pharmacaitical conqrasitions of recombinant IFN-beta are disclosed m WO 89/05158. 
Because interferons are fiurly expensive conqxnmds, it is highly desirable to have 

35 formulations of high potou^ with improved flow charactnistics tiiat can be used widi high 
efficiency in dry powda inhalers to produce r^rodudble doses for pulmonary ddivery. 
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An object of the preset invention is to provide an interieron-containing conq)osition 
suitable for long-^em pulmonary administration to a patim in need tiiereof . Anothra- object 
of this invention is to provide an int»feron-cootaining powdered composition that is 
administered by inhalation in a manner that is firee of a liquid propellant sudi as a FREON 
5 or carbon dioxide. 

AnoAo- object of diis invention is to provide an int«ii»on-containing powdered 
composition that can be easily manufiictured by a metibod diat maintains a high percentage 
of intol^n acdvity. 

Still another object of this mvention is to provide an interiimn-containing 
10 composition that exhibits a high level of stabili^ of the interferon ovor time. 

OOaer objects may be apparent to one of ordinary skill upon reviewing die following 
specification and claims. 

SUMMARY OF THE INVENTION 
15 One aspect of this invention is an interfieron-based dry powder conq>osition for 

pulmonary delivery, said conq)osition comprising a therapeutically effecUve amount of 
mterforon in combination with a pharmaceutically accq)table carrier. 

Another aspect of this invention is a unit dosage form for pulmonary delivoy of 
interferon, which dosage form comprises a unit receptacle containing the interferon-based 
20 dry powder composition of this invention. 

A third aspect of this invoition is a method of treating a disease state responsive to 
treatment by interf(Sron, which method comprises admimstraing a physiologically ^ective 
amount of the interferon-based dry powdo- conq>osition to die pulmonary r^on of die lung 
of a subject in need thereof. 
25 Still another aspect of this invention is a method for aat>solizing the int^«ron-based 

dry powder composition that comprise dispersing an amount of the dry powd»: conqwsition 
in a gas stream to form an aerosol and c^turing the aerosol in a chamber having a 
mouthpiece for subsequent inhalation by a patient. 

Sdll anodic aspect of this invention is a method for preparing the interferon-based 
30 dry powder composition that comprises spray-diying an aqueous mixture of the intsdaaa 
and die carrier under conditions to provide a respirable dry powdo*. 
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•me present invention is based at least in part on the higher potency and improved 
flow characteristics of interferon-based dry powder compositions produced by spray drying 
according to the present invention. Higher potency means that the resulting interferon- 
based composition has a higher percentage of physiologically active interferon than 
compositions prepared by other methods. The compositions of the invertion are readily 
aerosolized and rapidly absorbed through the lungs of a host when delivered by a dry 
powdff inhale. 

In mterpreting the claims to die various aspects of this ravention, there are several 
important definitions that should be considered. 

Hie term "interferon" is meant to include the family of naturally-occurring or 
recombinantly prepared small proteins and glycoproteins (sometimes referred to as 
cytokines) with molecular weight between approximately 15.000 and 27,000 daltons and 
having interferon-like activity. Generally, sudi activity is exerted by binding to specific 
membrane receptors on a cell surfece. Once bound, interferons initiate a complex series of 
intracellular events that vary among the various interferons. Interferons are usefiil in the 
treatment of a variety of human conditions varying from cancer to immune system 
suppression. Naturally occurring interferons are produced and secreted by cells in response 
to viral infections and to synthetic and biological inducers. Some interferons are modified 
versions of the naturally occurring material and are prepared using recombinant DNA 
technology. Interferon is sometimes abbreviated as "IFN" and shall be so abbreviated in 
this application. Examples of interferons include, e.g. IFN-alpha-2A recombinant 
(^feron* A-Roche Laboratories), IFN-alpha-2B recombinant (Intron* A-Shering), IFN- 
alpha-N3 human leukocyte derived (Alferon* N-Purdue Frederick), IFN-gamma-lB 
(Actimmumi»-Genentech), IFN-beta recombinant (Betaseron'-Chiron, Berlex), IFN-beta 
naturally occurring O'erofl'-Toray. Japan), and ihe like. U.S. Patent 4.503,035 issued 
March 5. 1985 to Pestka and Rubinstein gives examples of human leukocyte IFNs. For 
purposes of ihis invention IFN-beta is preferred, particularly naturally occurring IFN-beta. 
) Ihe term "powder" means a composition that consists of findy dispersed solid 

partides that are free flowing and capable of being readOy dispersed in an inhalation device 
and subsequwitiy inhaled by a subject so that the partides readi the lungs to permit 
penetration into the alveoli. Tlius. the powder is said to be "respirable." Preferably the 
average partide size is less than about 10 microns Oun) in diameter with a rdatively 
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uniform spheroidal sh^ distribution. More preferably the diameter is less than about 7.5 
im and most preferably less than about 5.0 /un. Usually the particle size distribution is 
between about 0. 1 /im and about 5/im in diameter, particularly about 2 /un to about 5 fm. 

The term "dry" means that the composition has a moisture content sudi that the 
5 particles are readily dispersable in an inhalation device to form an aerosol. This moisture 
content is generally below about 10% by weight (%w) water, usually below about 5%v and 
preferably less than about 3%w. 

The term "tiier^eutically effective amount" is the amount present in the composition 
that is needed to provide the desired level of interferon in the subject to be treated to give 
10 the anticipated physiological response. This amount is determined for each interferon on a 
case^by-case basis. Guidelines are given hereafter. 

The term "physiologically effective amount" is that amount delivered to a subject to 
give the desired palliative or curative effect. This amoum is specific for each interferon and 
its ultimate approved dosage level. Guidelines are given hereafter. 
15 The term "phannaceutically acceptable" carria- means that the carrier can be taken 

into tiie lungs with no significant adverse toxicological effects on the lungs. 

CQMPOglTIQNS OF TWP INVENTIQN 
One aspect of this invration is an interferon-based dry powder composition for 
20 pulmonary delivery, the composition comprising a therapeutically effective amount of 
mterferon in combination with a pharmaceutically acc^table carrier. 

In general, the compositions of this invention have a hi^ar IFN potency and greater 
dispersibility than other interferon compositions known in the art. In the dry state IFN is 
an amorphous form. The IFNs suitable for use in the composition of this invention include 
25 the various IFN alphas, IFN betas and IFN gammas encompassed by the broad definition of 
IFN. The IFN alphas and IFN betas are preferred, with IFN beta being particularly 
preferred. The composition is particularly valuable for namrally occurring IFN beta, for 
example that available tiirough Toray Industries, Inc. in Jc^an. 

A therapeutically effective amount of IFN will vary m the composition d^nding on 
30 die biological activity of the IFN employed and the amount needed in a unit dosage form. 
Because IFN is so highly active it must be manufactured in a unit basis in a manner that 
allows for ready manipulation by the formulator and by the consumer. This generally 
means that a unit dosage will be between about 0.5 mg and 15 mg of total material in the 
dry powder composition, preferably between about 2 mg and 10 mg. Generally, the 
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amount of IFN in the coniposition will vaiy from about O.QS%w to about S.O%w. Most 
preferably title composition will be about 0.2% to about 2.0%w IFN. 

The amount of die phannacoitically accQ>table camer is that amount needed to 
provide the necessary stabiliQr, di^)ersibility, consistency and bulkiiig cbaracmistics to 
5 ensure a uniform pulmonary delivery of the composition to a subjea in need thereof. 
Numoically tfie amount may be from about 95.0%w to about 99.9S%w, d^raiding on the 
activity of the IFN h&ng employed. Prefoably about 98%w to about 99.8%w will be 
used. 

The carrier may be one or a combination of two or more pharmaceutical excipioits, 
10 but will generally be substantially free of any "penetration ^anc^." "Penetration 
enhancers" are surface active compounds which promote penetration of a drug throu^ a 
mucosal membrane or lining and are proposed for use in intranasal, intrarectal, and 
intravaginal drug formulations. Exemplary penetration enhancers include bile salts, e.g., 
taurocholate, glycocholate, and deoxydiolate; ftisidates, e.g., taurodehydrofosidate; and 
15 biocompatible detergents, e.g., Twe^, Laureth-9, and the like. The use of penetration 
enhancm in formulations for die lungs, however, is generally undesfa-able because of the 
epithelial blood barrier in the lung can be adversely affected by sudi surface active 
compounds. The dry powder compositions of the present inveaition are readily absorbed in 
the lungs without the need to employ penetration oihancers. 
20 Hie types of pharmaceutical excipients that are useful as carriers in this invention 

include stabilizers such as human serum albumin (HSA), bulking agents such as 
carbohydrates, amino acids and polypeptides; pH adjusts or buffers; salts such as sodium 
chloride; and the like. Hiese carriers may be in a crystalline or amorphous form or nay be 
a mixture of the two. 

25 It has been found that HSA is particularly valuable as a carrira: in that h provides 

excell^ stabilization of IFN in solution. 

Bulking ag^ts that are particularly valuable include compatible carbohydrates, 
polypqitides, amino acids or combinations thereof. Suitable carbohydrates mclude 
monosaocharides such as galactose, D-mannose, sorbose, and die like; disaccharides, such 

30 as lactose, trehalose, and the like; ^clodextrins, such as 2-hydn»Qrpropyl-i3-cyclod»ctrin; 
and polysaccharides, such as rafiinose, maltodextrins, dextrans, and the like; alditols, such 
as mannitol, ^litol, and the like. A preferred groiq) of carbohydrates mdudes lactose, 
Ihr^alose, raffinose maltodextrins, and maniutol. Suitable polypq)tides include aspartame. 
Amino acids include alanine and glycine, with glycme being prefnred. 
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Additives, which are minor components of the composition of this invoition, may be 
included for conformational stability during spray drying and for improving dispecsibiliQr of 
die powder. These additives include hydrophobic amino acids sudi tryptophan, tyrosine, 
lucine, phoiylalanine, and die like. 
5 SuiUd>le pH adjusters or buffers include organic salts prepared from organic adds 

and bases, such as sodium citrate, sodium ascorbate, and the like; sodium citrate is 
prefured. 

Hie unit dosage form, mediod of treatment, and process of pr^aration of diis 
invention are described hereafter. 

10 

VnitDwiigeFprm 

Another aspect of this invmtion is a unit dosage form for pulmonary delivery of 
interferon, which dosage form comprises a unit dosage receptacle containing an interferon- 
based dry powder composition, whidi composition comprises a thnapeutically effective 

IS amoum of an interferon in combmation with a pbarmaceutically aa^itable carrin. 

In diis aqiect of the invention, the composition of diis invoition (as discussed 
hereinbefore) is placed within a suitable dosage recq)tacle in an amount sufficient to provide 
a subject with IFN for a unit dosage treatmrat. The dosage receptade is one that fits widiin 
a suitable inhalation device to allow for the aerosoiizatton of die interferon-based dry 

20 powder composition by dispersion into a gas stream to form an aerosol and tbra c^turing 
the aerosol so produced in a chamber having a mouthpiece attadied for subsequfoit 
inhalation by a subject in need of treatment. Such a dosage rec^tacle indudes aiqr 
container m:losing the composition known in die art such as gelatin or plastic cqisules with 
a remov^le portion that allows a stream of gas (e.g., air) to be directed mto die containa- 

25 to disperse the dry powder conq)osition. Such containers are exemplified by diose shown in 
U.S. Patents 4,227,522 issued October 14, 1980; 4,192,309 issued March 11, 1980; and 
4,105,027 issued August 8, 1978. Suitable containers also include those used in 
conjunction widi Glaxo 's Ventolm Rotohaler brand powder inhaler or Fison's Spinhaler 
brand powdo* inhaler. Another suitable unit-dose container which provides a superior 

30 moismre barrier is formed from an aluminum foil plastic laminate. The IFN-beta powder is 
filled by wdght or by volume into the dq)ression in die formable foil and hermetically 
sealed with a cov^ing foil-plastic laminate. Such a container for use with a powder 
inhalation device is described in U.S. Patrat 4,778,054 and is used with Glaxo's Diskhaln* 
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(U.S. Patents 4,627.432; 4,811,731; and 5,035,237). All of these references are 
incorporated herein by reference. 

Metfapd fff Trepttog a Diy^ state 
5 Another aspect of tiiis invration is a method of treating a condition responsive to 

treatmoit by intofioon, whidi method comprises pulmonarily administering to a subject in 
need diereof a physiologically effecdve amount of an interfieron-based dry powda 
composition that comprises a therapeutically effecdve amount of an intsrkxoa in 
combination with a pharmaceutically acceptable carrier. 

10 Q)nditions that may be treated by the composition of this invention include those 

conditions that are responsive generally to treatment with IFN. For exanqjle, IFN alpha is 
used to treat hqiatitis B and C, Hairy Cell L^kemia, chronic hq>atitis Non A, Non 6/C 
and K^si*s Sarcoma; IFN beta is used to treat multiple sclerosis, bram tumor, skin cancer 
and hq)atitis B and C; and IFN gamma is used to treat chronic granulomatous disease. 

15 The physiologically effiective amount needed to treat a particular condition or disease 

state will depend on the individual, the condition, Iragth of treatment, the regularity of 
treatment, the type of IFN, and other factors, but can be determined by one of ordinary 
skill in the medicinal arts. The dosage may range from .25 x 10^ lU to 50 x 10* HI per 
p«^on per day dq)miing on the prescribing doctor's diagnosis. For example an induction 

20 dosage of IFN alpha recombinant (Roferon*A-Roche Laboratories) for treatment of hauy 
cell leukemia may be 3 x 10* lU daily for 16-24 weeks with a maintenance dose of 3 x 10^ 
lU three tunes p»- week. Other dosage regimes may be detramined Uu-ough clinical trials 
and refeence to the Physicians Desk Refexaux^ for 1994 as supplemented. 

It is presently believed that the ^ective absorption by a host of dry powd» 

25 interferon according to tiie present invention results from a r^id dissolution in tiie ultra-thm 
(< 0.1 fin) fluid layer of the alveolar lining of the lung. The particles of the present 
invraition thus have a mean size which is from 10 to 50 times larger than the lung fluid 
layer, making it unexpected diat the particles are dissolved and the interferon systemically 
absorbed m a rqpid manner for etthw local lung or syst^c treatment. An undo'standiiig 

30 of the precise medianism, however, is not necessary for practicing the present invraition as 
described herdn. 

The aerosolized inteafmn-based dry powders of this invention are particularly us^ 
in place of paieaterti detivoy. Thus, tiie methods and conqiositions of die presratt 
invoition will be particularly valuable in chronic treatment protocols where a patient can 
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self-medicate. The patient can achieve a desired dosage by inhaling an ^propriate amount 
of interferon, as just described. The efficienqr of systemic interferon delivery via the 
m^od as just described will ^ically be in the range from about 15% to 50%, with 
individual dosages (on a per inhalation basis), ^ically bdng in (he range from about 3 
5 million lU to about SO million lU during a single respiratory administration. Thus, the 
desired dosage may be effected by the patient taking from 1 breadi to 5 breadis. 

Method for Aerosolizing tiie Powder 

Still another aspect of this mvention b a method for aerosolizmg an intrafnon-based 
10 dry powder composition diat conq>rises a tho-sqpaitically effective amount of an interferon 
in combination with a pharmacoitically accq)table carri^, which method conqnises 
dispersing an amount of the dry powder composition in a gas stream to form an a»^osoI and 
c^turing the aerosol in a chamber having a mouthpiece for subsequent inhalation by a 
patient. 

15 A further d^ed desoiption of tiiis m^od is found in pending U.S. Patent 

Applications Ser. Nos. 07/910,048 and 08/207,472, both of which are incorporated herdn 
by referoice. 

Preparing the Compositions 

20 Still anotiira- aspect of this invration is a method for pr^aring an interfnon-based 

dry powder composition of this invention tiiat comprises spri^-drying an aqueous mixture 
of tiie mterferon and a pharmaceutically accqttable carrier having an intKf«x)n-stabilizing 
pH under conditions to provide a respu^able dry powder composition. 

Spray drying is a process in which a homogmeous aqueous mixture of IFN and tiie 

25 carri^ is introduced via a nozzle (e.g., a two fluid nozzle), spuming disc or an equivalent 
device into a hot gas stream to atomize the solution to form tine droplets. The aqueous 
mixture may be a solution, suspension, slurry, or the like, but needs to be homogeneous to 
ensure uniform distribution of the components in the mixture and ultimately the powdered 
composition. Preferably the aqueous mixture is a solution. The solvent, generally water, 

30 rapidly evaporates from the droplets producing a fine dry powder having partides 1 to S 
fim in diameter. Surprisingly, the protein is not degraded when it is exposed to the hot 
drying gas, and die interferon powders can be prq)ared having sufficient purity for 
pharmaceutical use. An acceptable purity is defined as less than S% degradation products 
and contaminates, preferably less tiian 3% and most prefi^ly less tiian 1 %. 



w 
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The spray drying is done under conditions that result in substantially amorphous 
powder of homograieous constitution having a particle size that is respirable, a low moisture 
content and flow characteristics that allow for ready aerosolization. Preferably the particle 
size of the resulting powder is such that more than about 98% of the mass is in particles 

5 having a diam^ of about 10 /im or less with about 90% of the mass being in particles 
having a diameter less than 5 fun. Alternatively, about 95% (preferably more than 95%) of 
the mass wUl have particles with a diameter of less than 10 /un with about 80% (pnSmbly 
more than 80%) of the mass of die particles having a diametra- of less dum 5 fun. 

According to the m^ods of the present invoition, interfRon dry powdors of higho" 

10 potency and improved flow diaracteristics are prepared by spray drying, wbett, bulk 
interferon, preferably IFN-beta but suitably odior farms of interfnDn, is prqiared in 
solution to have a concentration from 0.0005% by weight to 0.02% by weight, usually from 
0.001 % to 0.005% . The solutions may contain a stabilize' to maintain the diemical 
stability of the IFN-beta m solution such as HSA in a concentration from 0.01 % to 1.0% by 

15 weight and preferably 0.05% to 0.25% by weight and may contain other matorial such as a 
salt or preservative that is present as a result of the pr^aration of bulk IFN. TTie solutions 
may thai be sprayed dried in conventional spray drying equipment from commercial 
suppliers, such as Budii, Niro, Yamato Chemical Co., Okawara Kakoki Co., and the like, 
resulting in a substantially amorphous particulate product. 

20 For the spraying process, sudi spraying methods as rotary atomization, pressure 

atomization and two-fluid atomization can be used. Examples of the devices used in these 
processes indude "Pulvis Mini-Spray GA-32* and "Pulvis Spray Drio: DL-4r, 
manufactured by Yamato Ghonical Co., or "Spray Dtiet CLp8," "Spray Dner L-8," 'Spray 
Drier FL-12," "Spny Dri« FL-16" or "Spray Driar FL-20," manufectured by Okawara 

25 Kakoki Co., can be used for tiie me&od of spn^ing using rotary-disk atomizer. 

While no special restrictions are placed on tiie nozzle of the atomizer used in die 
process of spn^ing, it is recommended to use a nozzle which can produce a spray-diy 
conq>osition with a gnun diametra suitable for nasal, pharyngeal or pulmonary 
administration. For exanq)le, nozzle types "lA," "1," "2A," "2," '3" and the like, 

30 manufactared by Yamato Chonical Co., can be used for the above-mraitioned spray-dri», 
manufactured by the same company. In addition, disks type ''MC-50," "MC-65" or "MC- 
85," manufactured by Okawara Kakoki Co., can be used as rotary disks of die spray-drior 
atomizer, manufactured by the same company. 
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While no particular restrictions are placed on the gas used to dry tibe sprayed 
mato^ial, it is reconunended to use air, nitrogen gas or an inert gas. The temperature of the 
inl^ of the gas used to dry the sprayed materials such that it does not cause heat 
deactivaticn of tiie sprayed material. The range of temperatures may vary between about 

5 sec to about 200"C, preferable between about 50°C and lOO^C. The temperature of the 
outlet gas used to dry the spr^ed matmal, vary between OaovX O^C and about 150°, 
piefeably betwem O'C and 90°C, and even more preferably b^een 0°C and WC. The 
fact that inl^ and outlet tranpmtures above about 55'C can be used is surprising in view of 
die fact that IFN starts deactivating at that tranperature, with nearly complete deactivation 

10 occurring at about IQ'C. 

By minimizing the amount of stabilizer m the solution, high potency IFN powder can 
be prq)ared such that die number of inhalations requu^ to ddwet even hig^ dosages of 
IFN can be substantially reduced, often to only a single mhalarion. 

Interferon dry powders suitable for use m the present mvration are substantially 

15 amorphous, essentially lacking any crystalline structure. Diy powd^ interferons are 
prepared by spray drying under conditions which result in a substantially amorphous 
powder having a particle size within the above-stated range. According to the mediod of 
the present invention, bulk interfat)n, preferably IFN-/3 but suitably other forms of 
interferon, is first dissolved in a physiologically-acceptable aqueous solution typically 

20 containing sodium chloride, optionally with a buffer, having a pH m die range from about 2 
to 9. The interf»t)n is dissolved at a concentration from 0.01 % by weight to 1 % by 
weight, usually from 0. 1 % to 0.2%. The solutions may then be spray dried in conventional 
spray drying equipment from commercial suppliers, such as Buchi, Niro Yamato, Okawara 
Kakoki and die like, resulting in a substantially amorphous particulate product. 

25 The intnfHon dry powders of die present invention may optionally be combined 

widi pharmaMutical carriers or excipioits whidi are suitable for respuratory and pulmonary 
administration. Such carriers may so^e sunply as bulkmg agents when it is desired to 
reduce the mterferon concentration in die powdo- which is hemg ddivered to a patimt, but 
may also save to enhance the stability of die uOecfaon conqiositions and to improve die 

30 disp«sibility of die powder withm a powder dispersion device in order to provide more 
efRcient and reproducible delivery of the interferon and to improve handling characteristics 
of the interfiKon sudi as flowability and consistency to facOitate mamifiBCturing and powdo* 
filling. 
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Such carrier mat^ials may be combined wiA the iiiterfm)n prior to spray drying, 
i. by adding the carrio' material to the purified bulk solution. In Aat way, die carrier 
particles will be formed simultaneously with the IFN particles to produce a homogeneous 
powder. Altwnatively, the carriers may be separately prqiared in a dry powder form and 

5 combined with the dry powdra- intol^n by blmling. The powder carrins will usually be 
crystalline (to avoid water absorption), but might in some cases be amorphous or mixtures 
of crystalline and amoiplious. The size of the carrier particles nmy be selected to improve 
the flowability of the IFN powder, typically bemg in Hie range from 25 ftm to 100 /an. A 
preferred carrier material is crystalline lactose having a size in the above-stated range. 

10 EXPERIMENTAL 



This example sets forth a m^od of prq>aring a composition of this invraidon. 
Approximately SO mL of 10 mM sodium chloride solution of natural human IFN- 

b^ comprising approximately 2 mg/ml HSA was prqiared. 

The resulting aqueous mixtore is fed to a Budii Laboratory Spray Dryer undra^ the 

following conditions to give a composition of this Invoition: 

Temperature of the aqueous mixture 4''C-10''C 
Inlet temperature 115''C-125°C 
Feed rate 6 mL/min 

Outlet temperature 60*'C''70''C 



Once the aqueous mixture is consumed, the outlet temperature is maintained at about 
TO'C for about 15 minutes by slowly decreasing the inlet tranperature. This provides a 
secondary drying to give an IFN-based dry powdo- conqiosition having a water contmt of 
less tiian 3% as measured by a coulombic Karl Fisdi« method. In this case die 
composition (%w based on total solids) is constituted as follows: 

1.9%w IFN-beta 

98. 1 «w Carrier (75. 8 % HSA, 

22.3 NaQ) 



F.xample IT 

By following tfie procedure of Example I, but mcreasing die outlet tempaature to 
75°C-80°C during the secondary drying stage, one obtains a composition of Hm invention 
35 having less than 1 %w water. 
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Example ID 

This example sets forth a method of preparing a composition of this inv«ition 

wh^in the carrier includes a bulking agent, i.e., mannitol. 

Mannitol is dissolved in natural human IFN-b^ described in Example I. The 

concoitration of mannitol was 5.75 mg/mL. 

The resulting aqueous mixture is fed to a Budii Laboratory Spray Dryer under the 

following conditions: 

Temperatureof die aqueous mixture 4''C-10''C 
Inlet temperature 1 15°C-125X 

Feed rate 5 mL/min 

Oudet temperature eCC-TO'C 
Secondary drying - 15 minutes at TO'C 

Al±ough the foregoing invention has been described in some detail by way of 
illustration and example, for purposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within die scope of die appended 
daims. 



Example IV 

20 This example sets fordi a method for preparing a composition of this invention 

wherein no bulking agent is present m the composition. 

Approximately 100 ml of 10 mM sodium chloride solution of natural human 
interferon (obtained by culturing human normal diploid fibroblasts) (approximately 7 x 10* 
lU/ml) conqirising {proximately 2 mg/ml human s^um albumin (HSA) were pr^ared, 

25 and ^ray-dried using die commocial spray-drier "Pulvis Mini-Spr^ GA-32," 

manufactured by Yamato □lemical Co. The spray nozzle used was a lA nozsde ($ 0.4 
mm) and die inlet tenqioature and die outiet tenqjerature of die drying gas were 100°C and 
GO'C, respectively. In addition, die spray pressure was 1 kg/cm?, die flow capacity of die 
hot air was 0.40 to 0.42 nf/min and die rate of solution transmission was 4.3 ml/min. 

30 After qiptoximately 20 min. of spnQr-dtying, the dry powdn-, whidi was collected into a 
chamber using a ^clone, was recovered, and the int^fieron QFH) activity was measured. 
The interferon activity was measured using an aizyme immunoassqr (EIA) involving an 
anti-human intnfeon P antibody OS. Yamazaki etal., Immunoasse^, 10, 57(1989)). The 
activi^ of the dry powdo- was measured by dissolving die dry powder using distilled water 
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T«blel 

Na«ma tamm iwetfteon J «ti»iiy before »»1 "to spnsr-dtytae 



Re,aa,.«ivi5r(Iu;A2«»-mit) R«»Di.« «*^(») 

Before si>ray*yn« 4.11 ±0.11 
AftHspraiMlnrtos 314 ± <>•<>♦ 

..Uvi^,^ w».74.8» of ac^vi., prior «,*.,p..Hn*«P™-. 

,te«>watag a wr">ta«ly 55»C. with «.n,pl«e toc*v«loo oca^g « 70 C. 
T^o„ro,«-.«.,^*eproce»„r«.isi»v»*.w.s„.i««.«,P^ 

^.^*„>«p.ofi»rai.»w.«a..i.=d-^.««-'=-^-J^ 

(mM S-8000, ,Mm.fac««d by Hi»i.i Co.). Approxm-rel, 90» of*. 
;:i:n^_^wi.rel^v.,s.oo*.«ll^e..e«-«.pro«^ 
, ^IZ^a.awi.a^.ia^ofappro^y.O^.'"""-^^ 

V.xam plt V 

5 TW,«^..«»f6ra..n«hodforprepari.g3.IFNmSA/m-«..c»pos^ 

Approxio-, lOOnUof .0«M °' "f^^. 

.50 ..g/M ■nanBi.l and appro*-, 2 MgMl buMan ^ a« OK A) 
Zprep«rf. •n>.prepor*oof*en.a:«uu..»*,o«l»ol»«siB«.«aol»..on 

conposiaoiiwasapproriimtolySOwt*. .M„„._in 
» r.bov.„b«i™™^^-g«»san«.ne*oda.dU»a..»eco.d^o.«- 

^«ttod.»inE«mpl.IV. Tie results are shown in Table 2. 

Table 2 

N«nrd hnman inl«firon () .ctiviv before and alter spn^^rying 
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Rdative activity (lU/A 280 unit) Remaining activity (%) 
Before spray-drying 5.59 ± 0.51 100 
After spray-drying 4.53 ± 0. 13 81 .0 



After the spray-drying process, the natural human intraferon /3 maintained 81.0% of its 
activity compared with its activity prior to the spray-drying process. As in Example IV, 
these results are surprising because a similar aqueous solution of the same quantity of 
natural human interferon p, HSA and mannitol started to deactivate at ^roximatdy SS'C, 
with almost conq>I^ deactivation occurring at lO'C. 

While the IFN-based powder from Example IV and V are dispersible, the powd«- obtained 
from Example V was more readily dispmed than the powdo- obtained in Exmplt TV. 
When the gram sh^e was examined by subjecting die powder to platinum coating and using 
a field emission scan dectron microscope (modd S-8000, manufactured by Hitachi Co.), 
the grains were found to have a size similar to those of Example IV but a ^zpe more 
rounded compared widi the powdo- particles obtained in Example IV. In addition, wh«i 
the distribution of die grain diameto* of the powder was measured by disposing it in 
edianol anhydride and using a granulation analyzer (Microtrac FRA, manu&ctured by 
Nikkiso Co.), it was found that approximately 90% of the grains were distributed within the 
nmge of 1.6 to 9.3 /im. The moisture content was 0.74 %wt, as measured by die Kari 
Fischer method of Example IV. 

All publications and patent applications mentioned in this speciftcation are horein 
incorporated by reference to the same extent as if each individual publication or pataA 
application was specifically and individually indicated to be incorporated by refer^K^e. 

The invention now being fiiUy desoibed, it will be ^parent to one of ordinary skill in the 
art tiiat many dianges and modifications can be made tberebo without dqiarting from the 
spirit or scope of the appended claims. 
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THE SUBJECT MATTER CLAIMED IS : 

1 . A spray-dried, in^eron-based dry powder composition for pulmonary 
delivery, said composition comprising a therapeutically effective amount of interferon in 

S combination with a pharmaceutically accq)table carrier. 

2. The conQ>osition of daim 1, whnnn die conqrasition is substantially free 
from pooetration e 



10 3. The conqjosition of daim 2, whmm the carrier comprises Imman serum 
albumin. 

4. The composition of daim 3, wherem the carrier fiirlfaar comprises a 
carbohydrate bulking agent. 

15 

5. The composition of claim 4, wherein the carrier is mannitol. 

6. The composition of claim 4, wherein the carrier is raffinose. 

20 7. The composition of claim 1 , wherem about 95 % of the mass of tiie dry 

powder con^sition has a particle size of less than 10 /im. 

8. The composition of daim 7, wherdn about 80 % of tiie mass of Uie dry 
powder conqwsition has a partide size of less tiian Sfm. 

25 

9. The composition of daim 1, wh«em the interferon is naturally occurring. 

10. The conq)osition of daim 1, wherein the interferon is int^foon beta. 

30 1 1 . A unit dosage form for pulmonary ddiv«y of int^finon, which dosage 

form comprises a unit dosage recqitade containing a spray-dried, mterfoon-based dry 
powdn conqwsition, whidi conq)osition comprises a diera|)eutically effective amount of an 
intoferon m combination with a pharmaceutically acceptable csmex. 
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12. The unit dosage fbnn of Claiin 1 1 , wberdn die earner comprises human 
senun albunun or human senmi albumin and a carbohydrate bulking agent, tiie composition 
is substantially free from pea^ation enhance and about 95% of the mass of die dry 
powder composition has a particle size of less than about 10/im. 

13. A m^od of treating a disease state responsive to treatmoit by interftron, 
which mediod conq}ri$es pulmonarily administning to a subject in need di^eof a 
physiologically effective amount of a sprsy-dried, int»f»on-based diy powder composition 
that comprises a therapeutically efiecdve amount of an intraferon in combination widi a 
pharmacoitically acceptable carrio-. 

14. The method of Claim 13, wherein die carrier comprises HSA and a 
carbohydrate bulking agent, the composition is substantially free from penetration enhancers 
and about 95% of the mass of the dry powder composition has a particle size of less than 
about 10/tm. 

15. A method for aerosolizing a spray-dried, interferon-based dry powder 
composition that comprises a therapeutically effective amount of an int^^n in 
combination with a pharmaceutically acc^table carrier, which m^od comprises: 

dispersing an amount of the dry powder composition in a gas stream to form 

an aerosol and 

capturing the aerosol in a chamber suitable for subsequent inhalation by a 

patimt. 

16. The mediod of claim 15, wherein the carrier comprises HSA and a 
caii)ohydrate bulking agent, the composition is substantially free from praetration enhancers 
and about 95% of the mass of the dry powder composition has a partide size of less dian 
about lOfim. 



30 17. A m^od for prqiaring a spray-dried, mterferon-based dry powder 

composition that comprises a dira^eutically effisctive amount of an mtBrfraon and a 
pharmacoitically accqitable carrira-, which mediod comprises spray-diymg an aqueous 
mature of the mtofaon and the carrier undn conditions to provide a re^irable dry 
powder. 
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18. The method of Qaiin 17 whwein the composition is substantially free from 
pmetratioD oihancCTs. 

19. The method of Qaim 18, whmin Ae carrio- conq>rises HSA. 

5 

20. The m^od of Qaim 19, wherein the carrin fiirther conq)ri5es a 
caifoohydrate bulking agmt. 

21 . The method of Qaim 20, wha&a Ae bulking agent is mannitol. 

10 

22. The mefliod of Qaim 20, wherein the bulking agent is rafRnose. 

23 . The method of Qaim 17, wherein 95 % of the mass of tiie spray-dry 
conq>osition has a particle size less than 10 ^m. 

15 

24. A spr^-dried, interferon-based dry powder composition for pulmonary 
delivery, said composition comprising a therapeutically effiective amount of naturally 
occurring interfcron-beta m combination with a pharmaceutically acceptable carrier that 
eoaspmes human seium albunun or human SCTum albumin and a carbohydrate bulldng 

20 agent, wherein the composition is substantially free from penetration enhancers and about 
95% of the mass of the diy powder conq)osidon has a particle size of less tiian 10 im. 

25. TTie composition of Qaim 24, wherein the bulking agent is mannitol. 



25 



26. The composition of Qaim 24, wherem the bulkmg agent is raffinose. 
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